The objective of this research was to conduct a study on the process of formation of recyclable raw material (RRM) in a company from the steel sector, pointing out the benefits and limitations of its reuse in the manufacturing process of liquid pig iron. For this purpose, bibliographic research and field visits were carried out. Waste generated throughout the company's steelmaking process is collected daily by a service company, where it undergoes beneficiation, forming the RRM. RRM is returned to the industry in order to be reused in its production process, configuring thus an operation of reverse logistics. RRM is used in order to reduce the use of iron ore in sinter production. This reduces the direct costs of iron ore extraction, transportation and storage and environmental impacts such as water, air and noise pollution. Other externalities are also avoided, such as land use conflicts, depreciation of surrounding properties, degradation of land and disruption to urban traffic. The results show that, in addition to environmental gains, the use of RRM generates savings of R$ 767.604,00 per month to the industry. One of the limitations is that, concerning the manufacturing of special steels, there is risk of contamination and loss of quality if RRM is used in large proportions. It, however, is still an option for this sector on the pursuit of sustainability.
I. INTRODUTION
The Brazilian National Environmental Council, in Article number 2 of Resolution Number 313 from October 29, 2002 , defines industrial solid waste as any waste that results from industrial activities and that is found in solid, semi-solid, gaseouswhen contained -and liquid states, whose particularities make it impossible for it to be discharged into the public sewage system or bodies of water, or that require technically or economically unfeasible solutions regarding the best available technology [1] .
This type of waste has been the focus of great interest and has become important in the environmental, industrial, economic and academic scenarios, since large volumes are generated annually both in Brazil and worldwide.
Treatment of industrial waste prior to disposal, as well as recycling, reduces the impacts on the environment and on human health. Therefore, Brazilian legislation requires companies to create programs aimed at sustainable management of this waste.
In Brazil there are still many obstacles in its management, such as the lack of accurate information about quantities generated in the industrial sphere and about disposal and reuse [1] .
An important tool created by Law 12.305, which governs the National Policy of Solid Waste, is reverse logistics. This is a crucial instrument in economic and social development, since it is guided by a series of actions and procedures aimed at enabling the collection and the return of solid waste to its process of origin for reuse in its own or in another production cycle or to some other appropriate destination.
Several organizations have been updating their production processes in light of this new reality, bringing several advantages for society and the environment, such as the return of solid waste to its sources or processes of origin, avoiding the contamination of soil and bodies of water and the degradation of air quality.
Further important points of the National Solid Waste Policy are the creation and consolidation of a shared responsibility system, of waste sorting and the update of production processes with the creation of cleaner processes that will facilitate reuse, creating products that are more easily inserted in reverse logistics.
With regard to the generation of industrial waste, the steel industry stands out in this aspect since it generates several types of waste in large quantities. Much of this waste, however, can be incorporated back into the productive chain.
In the sintering process the steel industry generates sintering fines and ore fines. In the blast furnace there is generation of blast furnace slag, ore fines, dust from the blast furnace's gas scrubbing system and from the dust removal system. In the steel mill, slag, dust from dust removal systems and gas scrubbing systems are generated. In the rolling stage, steel scrap and mill scale are generated, among other residues generated directly or indirectly from all these processes.
In this context, a service-providing company, whose service is the creation of industrial cleaning solutions, produces Recyclable Raw Material (RRM) through the processing of waste collected during the cleaning activities of the company, located in the state of Minas Gerais, which is object of this study. The RRM is returned to this industry to be reintegrated into the production chain of liquid pig iron, which characterizes the process as being of a Reverse Logistics nature. Aiming at achieving greater knowledge on the subject, the research questions of this work were: How is the formation process of RRM? What are its benefits? Are there any limitations on its use?
This research aimed to: conduct a study on the formation process of recyclable raw material (RRM), pointing out benefits and limitations of its reuse in the process of manufacturing liquid pig iron; describe the manufacturing process of pig iron; and conduct a survey of major Brazilian steel companies regarding waste generation and recovery rates.
In the development of this work, the main authors consulted were: [2] [3] [4] [5] .
II. THEORETICAL FRAMEWORK

II. 1 THE STEEL INDUSTRY
The 20 th century was marked by the advent of a large metal-mechanical complex around the world. Along with oil and electricity, steel was one of the pillars of this complex that has profoundly transformed mankind's lifestyle [6] .
The Brazilian iron and steel production sector in the early 20th century had little significance. From 1910 onwards, the sector gained notoriety in the existing debates, drawing attention to the need for investment [7] .
Investments began in the state of Minas Gerais, gaining strength with the creation of Companhia Siderúrgica Nacional in 1941. Afterwards, the government created decrees in order to favor and stimulate the sector. With these investments, national production went from 3000,00 tons per year in mid-1901 to 500.000,00 tons per year from mid-1915 onwards [7] .
Between 1917 and 1930, 14 new companies were created in the sector, in addition to a pre-existing one. Three companies are noteworthy: Companhia Siderúrgica Belgo-Mineira, founded in 1921, Companhia Brasileira de Mineração e Metalurgia, created by Cia. Mecânica e Importadora, in 1925, and Cia. Brasileira de Usinas Metalúrgicas, created by Hime & Cia, in 1926. These three companies not only quickly dominated the sector, but also diversified the domestic production structure, introducing themselves more sharply into the production of steel and rolled steel [7] .
The steel industry's post-war growth was overwhelming, with an average annual increase rate in steel production of 5%, from 1945 to 1979. After a period of stagnation in the 1980s, the steel industry began a restructuring phase, marked by a substantial increase in production, greater pursuit of technological innovations in processes and products, greater shareholder concentration and fewer workers [5] .
According to [5] , this type of industry has been undergoing major changes, from its structure to the way steel is produced. Nowadays, these transformations have been happening at a faster rate, since there are forces that influence the steel companies, such as the following:
• Capital costs
Comparing manufacturing costs and value added to the raw material, there is a very high start-up capital requirement, especially for large industries that utilize coke plants, sintering and/or pelletizing, blast furnaces and steel mills. There is, therefore, a tendency to reduce their implementation costs in order to reduce the final price of the product from the very beginning of the production chain, avoiding loss of quality but also maintaining a competitive product [8] .
• Limited raw material supply
The basics for producing steel are iron ore, especially hematite and mineral coal, both of which are not found pure in nature, their processing being thus necessary for their use. Lately, processes have been making use of scrap originated from waste, waste of sinter fines, ore fines, among others, in order to complete the metallic load for iron and steel production and to fulfill the low supply [9] .
Although there is a large amount of iron ore available in the world, deposits are concentrated in a small portion of countries. There are still limitations regarding the maximum possible amount of reuse of the waste from scrap and fines, due to the risk of steel contamination and loss of quality in the case of special steels [5] .
• Environmental Requirements
The steel companies that use charcoal in their processes and those that use mineral coal coke, the latter less expressively, are the main focus of environmental agencies, especially due to the solid waste they generate. In recent times, there has been an effort to advance and update environmental legislation to match international requirements and technological advances, especially with regard to licensing and license renewal. The COPAM Normative Deliberation Number 49/2001 was created, bringing new requirements for dedusting systems, in the stages of handling and sifting of raw materials and regularization regarding the licensing of steel mills [10] .
The steel industry is a major consumer of energy and materials, as well as being responsible for considerable pollutant emissions, both in the form of liquid effluents and solid waste. During the last decades, the steel industry has improved its energetic efficiency, increased productivity and decreased pollutant emissions. An important peculiarity is the production of energetic byproducts and inputs that can be used in the plant itself or in other economic sectors [5] .
The creation of COPAM Normative Deliberation Number 49/2001 was a milestone for the sector in the state of Minas Gerais, as it brought innovative requirements for the implementation of dedusting systems in the stages of reception, handling and sifting of raw materials and regularization regarding environmental licensing of companies. It also demonstrates an effort to seek measures to control coal consumption, such as the creation of planted forests and the restriction of the exploitation of native forests, encouraging sustainable management. Coal accounts for about 70% of the final product cost and is essential to the production process of pig iron [10] .
• New materials
This is one of the biggest motivators for the transformations that occur in the steel industry, and the factor that encourages them; not only does it encourage their production, but also the use of new raw materials. With advances in the reuse of sintering fines to complete the metallic load in pig iron production, the use of iron ore is reduced. Rolled steel, when it becomes scrap metal, is a type of waste that can be introduced back into the feeding process of the converting furnace, in the steel mill, in the production of liquid steel [5] .
This subject is commonly not often discussed due to the companies' information protection processes and market secrets. What is generally seen is the use of steel waste in other areas, as described by [11] , where the use of steel scale as an aggregate of concrete instead of sand was investigated in order to reduce the use of sand (a natural resource); but the authors also stress that it is necessary to carefully observe the resistance offered by this concrete, due to oil and grease contamination originating from the scale production process.
II. 2 ENVIRONMENTAL SUSTAINABILITY
According to [12] , "sustainable" means something that is enduring, lasts for many years and can be conserved, and can thus impart the idea of continuity. Following this line of thought, companies are faced with the need to create new processes and reevaluate the relationship between economy, society and nature in order to achieve sustainability.
During Agenda 21, it was agreed that development and conservation must always go hand in hand, thus undermining the idea that, during the process of evolution, it is not possible to both preserve and economically develop, especially in underdeveloped countries [13] .
Saving natural resources and reusing waste are the main tools for sustainable development and for the maintenance of life on the planet and of survival resources for the next generations [13] .
Since sustainable development aims to meet the needs of current and future generations, it is up to the current generation to ensure that these needs are met, as future generations cannot yet act [14] .
The term "sustainability" has two origins: one is based on ecology, in what concerns resilience due to the misuse of available natural resources by man, or due to natural events such as earthquakes, tsunamis, etc. A second origin is of economic nature, which arose through the perception of the finitude of natural resources in the purpose of production, since, with technological advance, the possibility of shortage of raw materials was recognized [15] .
The concept of sustainability grew from the environmental crisis of 1950, due to the several occurrences of environmental disasters, and has been gaining traction due to its wide dissemination in the media [16] .
Some of sustainability's biggest enemies are social inequality and misinformation, which still lie at the root of the lack of interest in the topic. As a result, the defense of the third dimension of sustainability grows: this is of a social nature, calling for a sustainable society which offers the minimum necessary for a dignified life to its citizens and in which no one consumes goods, or natural and energy resources that are harmful to others. Its aim and challenges being the eradication of poverty and the definition of the acceptable inequality standard, the social dimension seeks to define minimum and maximum limits of access to material goods and to implement the very desirable social justice [15] .
The concept of sustainability is related to Darwin's research, which considers the trajectory of birth, development and death of species. Species follow one another, some disappear and some arise. It was like this with our hominid ancestors, and understanding what was the extinction factor of these species makes us identify ways to prevent the extinction of mankind and even to predict environmental events that could cause its disappearance [15] .
II. 3 SOLID WASTE
Issues related to solid waste have been widely explored in scientific studies, as they are one of the biggest difficulties faced by a society that seeks sustainability [1] .
There are several types of solid waste, among them industrial waste. It results from industrial activities and is found in solid, semi-solid, gaseous (when contained), and liquid states. Its particularities make it impossible for it to be released into the public sewage system or into bodies of water, or require technical or economically unfeasible solutions given the best available technology. Included in this definition is the sludge from water treatment systems and those generated from pollution control equipment and installations [1] .
The steel industry is responsible for generating solid waste in great variety and quantity, its recycling and reuse being therefore critical. With the growing concern about environmental issues, several industries began to invest in new alternatives to solve the problems arising from the generation and disposal of waste [2] .
The most important steel waste is classified into slag, dust and sludge from blast furnaces or steel mills, scale and coal and ore fines. The steel industry produced 13.5 million tonnes of waste, with an average of 435 kg/t of steel produced. Revenue generation through the recycling of these materials has made companies act in a new way on the issue of environmental management [2] .
Industrial waste has attracted great interest and gained importance in the environmental scenario, in industry, economy and in the academic community, since it is generated by various types of production processes, resulting in huge quantities in Brazil and worldwide [17] .
It is important to remark that every industrial enterprise generates waste and uses inputs in all its processes. Entrepreneurs often associate the taking of environmental preservation actions with additional expenses. Consequently, possibilities of cost reduction are not taken into account. Actions aimed at environment protection can bring profit, or at least neutralize the expenses related to saving energy sources and/or other natural resources [18] .
In order to ensure the well-being of the population, it is necessary that companies strive to provide and maintain healthy working conditions such as safety, training and leisure for their employees and their families, as well as limiting or eliminating the levels of production and/or emission of toxic waste arising from its production process and the use or consumption of its products, ensuring the neutralization or maximum reduction of environmental damage in general and ensuring the preparation and delivery of products or services in accordance with the quality and safety conditions desired by consumers [18] .
II. 4 REVERSE LOGISTICS
Reverse logistics enables saving some resources in the company's production process, since waste generated will be reused, reducing the consumption of raw materials and other resources [1] .
The National Policy on Solid Waste classifies reverse logistics as an instrument of economic and social development characterized by a set of actions, procedures and means designed to enable the collection and return of solid waste to the business sector for reuse in its own or in other production cycles, or other environmentally appropriate final destination [1] .
From a perspective of business logistics, considers that "the term refers to the role of logistics in product return, reduction in the source, recycling, material replacement, material reuse, waste disposal, refurbishment, repair and remanufacturing" [19] .
Reverse logistics is a reality in many industrial processes nowadays; the need for further study on the subject continuously increases, following a gradual increase of the need to reintroduce waste into the production chain in order to save natural resources [20] .
According to the National Policy on Solid Waste [1] , reverse logistics has many advantages, such as preventing waste from polluting or contaminating the environment. It also allows savings in production processes and the use of cleaner technologies, among others. [1] .
According to [20] , there are examples that show that this practice has been used for years. However, due to some factors it has been noticed that, in recent years, there has been a considerable increase in this type of thought and activities related to recycling and reuse. These factors include environmental concerns, competition and cost cutting.
The environmental factor is important because there is a tendency for environmental legislation to make the company increasingly more obligated to take responsibility for the entire life cycle of its products. This means it has a responsibility after delivery to its customers as well, and also for the possible impacts that may be generated in this process [20] .
Other factors are cost reduction and the company's image to customers, aiming to show that the company is active in social and environmental issues, since it would be making use of clean technologies, reducing waste, recycling and reusing products that would certainly be otherwise discarded [21] .
This can lead to differentiation in relation to competitors, since retailers see an advantage because they believe that there is an appreciation of companies that have a more liberal return policy [20] , as highlighted by [22] , [3] and [3] . Interviewed a number of companies and demonstrated that low investment in reverse logistics generates substantial savings. He quotes a Sears executive who said, "Reverse Logistics is the ultimate frontier in cost savings" [23] .
According to [3] reverse logistics is the process of planning, implementation and control of the flow of post-consumer and after-sales products and their flow of information from the point of consumption to the point of origin, in order to recover value or perform proper disposal. This concept contributes to the consolidation of the concept of sustainability in the business sphere, supported by the concepts of environmental and economic development.
From [3] propose that a proper design of reverse logistics systems (when there is post-consumer product flow back to manufacturers and suppliers) can be used not only to comply with legislations regarding product recall and sustainability, but also as a source of competitive advantage. For example, remanufactured products represent a significant addition to some companies' product lines, enabling them to serve otherwise unattainable consumer segments. Everyone benefits from this: companies, consumers and the environment.
For a reverse logistics strategy to work, action must be started at the end of the chain, that is, with the end consumer. The whole process follows a flow with basic steps, which can be represented in a cycle diagram, in which the lifespan of the given product ends and it becomes waste. Waste is collected and separated according to its classification in the recycling process so that it can be used as raw material in the production of a new product, which in turn will be destined for trade through distribution and sales lines [24] (Figure 1 ).
Figure 1: Simplified reverse logistics flowchart.
Source: Adapted from [24] .
The biggest problem faced is the lack of systems capable of integrating Reverse Logistics with the common logistics flow, which causes these services to be outsourced or performed by their own systems [22] .
Waste sorting is a major partner of reverse logistics, as waste is separated by class and recycling or reuse potential. The separation of waste and waste sorting prevents solid waste from being sent to a landfill, reducing transportation costs and extending the landfill's lifespan. Waste sorting also contributes to the creation of jobs in society through waste pickers' associations. These associations, in addition to generating jobs, offer an option to many people that otherwise only have marginalization as a choice. They discover in recycling a new life, and a new purpose for waste [25] .
II. 5 RECYCLABLE RAW MATERIAL (RRM)
Recycled Raw Material is part of the fundamental concept of reverse logistics, which is the return of waste generated during the production process to the beginning of the production chain, preferably in the same process in which it was generated [1] .
In the production process of pig iron in a company, the blast furnace's metallic load is composed of sinter (produced in sintering), iron ore and recyclable raw material (RRM). For the steel industry, the use of sinter is of great importance, as it can be used in place of iron ore, and because it is produced on the plant itself, it is cheaper [27] .
RRM is composed of all usable waste material generated throughout the steelmaking process, such as sinter fines, which are generated throughout the sinter-making process. They can also originate from the fall of materials during transportation on conveyor belts, from cleaning residues on equipment and residues of raw materials used in the manufacture of sinter. Dust from dedusting systems (which is collected by the system itself and deposited in collection boxes where it will be transported). Grinder swarf (generated during the thinning of the billet in the rolling process). Blast furnace cyclone powder (generated during blast furnace gas washing in the gas scrubber). Ore fines (originated from falls during transport on conveyor belts, cleaning residues on equipment) [28] .
III. METHOLOLOGY
Regarding the objectives, this research was characterized as exploratory and explanatory. In exploratory research, critical points are verified, initial contacts for field entry are established and the necessary data sources for the study are located [29] . In regard to explanatory research, fact records are generated, analyzed and interpreted, their causes being then identified [30] . The research was also characterized as quali-quantitative [30] .
As for the technical procedures, research was conducted through both bibliographic and field studies. The literature research consisted of data collection in databases pre-defined before the study [31] . The data were researched in scientific articles, doctoral dissertations, master's theses and journals through the Google Scholar and SciELO platforms, with the keywords: waste generation, steel industry, waste reuse in the steel industry, sustainability in the steel industry, advantages of reverse logistics, impacts caused by landfills, among others, totaling about 50 researched works. Some data were obtained from employees of the company under scrutiny, since literature on the subject is scarce.
The survey on the generation of waste and its recovery rates was obtained through research of the main Brazilian steelmakers [32] . The research on the process of pig iron formation was carried out by consulting the works of Silva [27] and UFSC [33] .
Field research was also conducted in order to comprehend the process of formation of Recyclable Raw Material (RRM), as well as the benefits and limitations of its reuse [34] . To this purpose, five visits were made to the company that provides services to the steel company in study. Data were collected from the month of January 2018 to October 2018. The service provider company is responsible for collecting waste from the steel company, for its recycling, for forming the RRM and returning the RRM to the steel company from Minas Gerais.
IV. RESULTS AND DISCUSSION
Pig iron, the main raw material for steelmaking, is a 95% ferrous liquid obtained through the purification of iron ore by heating. This process is carried out in the metallurgical reactor, which is called the blast furnace [35] .
However, thin materials cannot be used in this process, as they are carried by the rising gases. To prevent this, the ore undergoes an agglomeration process. The iron ore agglomeration processes most commonly used as blast furnace fillers in the steel industry are pelletizing and sintering.
Pelletizing produces the agglomerate called pellet and the process is carried out in the mining companies themselves. The agglomeration process involves physicochemical steps in order to aggregate the portion of ore fines (size inferior to 0,15 mm) into spheres with the appropriate particle size and quality. In order to produce sinter, a process of agglomeration of the basic raw materials is required, which is called sintering: that is, the heating of the basic raw materials below the melting point, from the burning of solid fuel (coke) agglomerated to iron ore and fluxes, the outcome being the sinter produced by the steel mills themselves [36] .
In the pig iron production process, the blast furnace's metallic load is formed from sinter (produced in sintering), iron ore and recyclable raw material (RRM). Percentages were not disclosed by the company which is the subject of this research, due to internal information security policies. The use of sinter is of great importance because it can be used in place of iron ore, and because it is produced on the plant itself it is less expensive [27] .
For the production of pig iron (Figure 2) it is necessary to transport the metallic load through conveyor belts that feed the blast furnace. In addition, fluxes and atmospheric air are inserted, and the iron ore, which composes the metallic load, is reduced by carbon until pig iron is obtained. This whole process occurs at an approximate temperature of 1000ºC [33]. Steel industries are major producers of solid waste. In 2006, the main Brazilian steel mills produced about 13 million tons of waste, as shown in Table 1 . Generation varies considerably across companies, depending on factors such as technological process, raw material, energy source, etc. [32] . Overall, solid waste recovery rates in most companies were above 90% (Table 1 ). These numbers are only reached through widespread acceptance of steel aggregates by other industrial sectors. Among these residues a variety of metals can be reused, such as aluminum, antimony, cadmium, chromium, tin, manganese, molybdenum, selenium, thallium and vanadium, representing 78% of the waste generated [27] .
The ease of commercializing waste (and even its resulting revenue) apparently diminished preventive actions, since the generation rate between 2004 and 2006 increased by 22% from 0,268 tonnes/tonne of crude steel to 0,327 tonnes/tonne of crude steel [32] .
In 2013, Brazilian steelmakers produced 17.7 million tonnes of waste, of which three million were scrap with potential for reuse by the sector itself. Waste production per ton of steel reached 0,594t [37] .
In Minas Gerais, from 2009 to 2018, the average amount of solid waste declared by the steel industry in the Inventário de Resíduos Sólidos (Solid Waste Inventory) was 13.154.468,00 tonnes [46] , being one of the sectors that generate the largest amount of solid waste in the state of Minas Gerais.
The most important types of waste from steelmaking are blast furnace slag (mainly marketed to cement companies) and steel slag (used in road building). The other residues in the steel sector are dusts, sludge, fines and scale [32] .
A steel company from the state of Minas Gerais found the possibility of inserting the waste generated into its own production processes through the creation of Recyclable Raw Material (RRM), which is composed of usable waste generated throughout the steel production process, such as sinter fines, dust from dedusting systems, grinder swarf, high cyclone dust and ore fines [28] . Inserting generated waste into the production process itself is a great option to send it to a correct final destination, to reduce the use of raw materials and, consequently, to reduce costs. In order to be introduced, waste sometimes needs beneficiation, which may be of a simpler nature, such as a process of sifting, or more complex, involving physicochemical steps. The simpler the beneficiation process is, the better, since it involves less skilled labor and less technology.
The waste generated throughout the company's production process is collected daily by the service provider. All of it is transported in trucks from the provider itself and taken to the beneficiation plant ( Figure 3 ). Upon arrival at the plant, they are separated according to their specifications. Subsequently, they are placed in labelled stalls (Figure 4 ) [28] . Source: [28] . Figure 4 : A truck unloading sintering fines onto a stall. Source: [28] .
From the stalls the materials are directed by a wheel loader ( Figure 5 ) to sieves in order to remove coarse solids that may damage equipment or contaminate the RRM. Subsequently, they are packed in identified silos ( Figure 6 ). The silos are regulated to adjust the dosage of materials according to the specifications of the company under study. From the silo, they are sent to conveyor belts that homogenize the materials forming the RRM (Figure 7) , which is transported (through bucket trucks) to the raw material yard, located in the sintering area. Deliveries are made at the request of the company itself [28] . Source: [28] . Source: [28] .
RRM has a production revenue of 50 tonnes ( Table 2) , following industry standards, in order to prevent contamination of the pig iron. [28] .
The data presented in Table 3 show the average price per tonne of iron ore in 2018, considering the months of January and June (weekly average and monthly average). Taking into account the average price per tonne of iron ore in June 2018 (the time the survey was conducted) and the price of the dollar quoted at the same time, which was R$ 3,8552 [45] , the price, in Brazilian Reais, of the ton of iron ore corresponded to R$ 293,11. Source: Adapted from [38] . Figure 8 shows a large variation in the price of iron ore between July 2010 and January 2018. This commodity peaked at US$190 at the beginning of 2011 and descended to less than US$40 at the end of the fourth quarter of 2015. There was, therefore, a downward trend in the price of iron ore during the analyzed series, which started the period at US$130 and closed near US$70.
Iron ore suffers from year-round price fluctuations due to various factors such as fluctuations in the dollar quotation, the available amount in suppliers' stocks and buyers' stocks, ore purity and trade restriction or facilitation between certain countries or economic blocks, to the detriment of political positions. As with every commodity, the supply-demand law influences price so that an increase in consumption, without available supply, can cause a price increase. Large importers, especially in times of virtuous cycles in their economies, tend to increase their import rates to meet the necessary investments, which can cause significant price variation. Source: Adapted from [38] .
The service provider delivers around 100 tonnes/day of RRM to the company under study, totaling 3,000 tonnes per month. The tonne of RRM cost, in 2018, R$ 38,90 [28] and the tonne of iron ore cost R$ 293,11. In light of this data it was possible to identify an economy for the company of 86,80%, comparing the costs with the acquisition of iron ore (3,000 tons) and the RRM (3,000 tons) ( Table 4 ). These data show the great importance of using RRM, since, in addition to economic gains, the use and need for iron ore extraction, as well as the disposal of waste in the environment, are reduced, considering that they are incorporated back into the industry's production chain. [38] .
It is important to consider that iron ore extraction causes negative impacts on the environment. Exploited areas lose their resilience, that is, their ability to regenerate without human interference [39] , since it causes loss of soil fertility and loss of seed bank. Thus, it takes a great amount of time and resources to recover these areas.
In the work of [40] , an important consideration is made about the recovery of mined areas, which collaborate with the use of RRM. The author emphasizes the impossibility of returning the mined area to a situation similar to the original one (restoration in the broad sense). For these areas, rehabilitation is recommended; that is, it may have other purposes other than precisely the formation of a forest [39] .
With the use of RRM 3,000 tonnes of waste are removed monthly from the environment. [40] demonstrate in their work the difficulty of finding suitable areas for construction of landfills, the distance traveled until waste reaches the landfill increasing over the years. This problem is mainly experienced in metropolitan regions due to the existence of environmentally protected areas and the impacts caused to the surroundings [41] . In addition, through the use of RRM it is possible to avoid impacts such as changes in Biological Oxygen Demand (BOD) and Chemical Oxygen Demand (COD), pollution of water resources, production of pollutant gases and particulate materials and degradation of large extensions of soil due to contamination with substances such as heavy metals and toxic organic materials. In what concerns social issues, the poor conditions of waste pickers are minimized and disease vectors are reduced [42] .
In general, the impacts mentioned were listed on the checklist proposed by [42] (Table 5 ). Source: Adapted from [42] .
In addition to the factors described, [43] considers that the use of RRM reduces noise pollution caused by ore mining, as well as land use conflicts, depreciation of surrounding properties and urban traffic disturbances.
In order to combine mining with sustainable development, one of the steps is the implementation of operations of recycling and reuse of the minerals themselves, as well as of inputs [44] .
Thus, RRM generates savings for the industry, while simultaneously collaborating with the preservation of the environment, avoiding impacts and externalities, contributing to the sustainable development of the sector.
However, its use is limited, as its processing does not guarantee that, when used in high proportions, there will be no alteration in the final quality of pig iron and the integrity of equipment such as the blast furnace [5] . Also highlighted as limitation is the loss of quality in the case of special steels and risk of steel contamination.
There is a lack of studies on waste reuse in the steel production chain. From a total of 92 studies, carried out between 1962 and 2015, on the reuse of waste generated in the Brazilian steel industry, dusts were the only class that presented incorporation of waste in the steel production cycle itself, with only 1 work focused on this purpose [27] .
V. CONCLUSION
The development of this study allowed an analysis of the use of RRM (Recyclable Raw Material) in the production of sinter in a steel company from the state of Minas Gerais, in order to reduce iron ore consumption in this process. Through analysis of RRM and iron ore costs, it was possible to understand the importance of sinter for the steelmaking process, since its use is much more economically advantageous than using purely iron ore. The use of RRM significantly reduces the iron ore load on the sinter, increasing the profit margin and meeting the basic principle of reverse logistics, which aims to return all the waste generated (or as much as possible) to the company's production process or to insert it into another process. Positive strengths related to the use of RRM include reduced mineral extraction and noise pollution, reduced water, soil and air pollution, as well as the generation of secondary problems such as land use conflicts, depreciation of properties surrounding mining areas and disturbances to urban traffic. Significant savings in sinter production were identified through the insertion of RRM. It is, however, necessary to regulate this insertion, because the process still has limitations due to the risk of contamination of the pig iron and the risk of increasing the wear rate in the equipment involved in the process. The process of formation of RRM is often not adequately discussed due to companies' protection of information and market secrets, and thus it is of importance that this topic is explored in the academic sphere, as few works have been found. Partnerships between companies and universities should be encouraged in order to create cleaner technologies that reduce the impact of this activity on the environment, as well as to share the positive experiences of the steel industry, so that other industries can make use of reverse logistics.
